Abstract Individuals with serious mental illnesses suffer from obesity and cardiometabolic diseases at high rates, and antipsychotic medications exacerbate these conditions. While studies have shown weight loss and lifestyle interventions can be effective in this population, few have assessed intervention cost-effectiveness. We present results from a 12-month randomized controlled trial that reduced weight, fasting glucose, and medical hospitalizations in intervention participants. Costs per participant ranged from $4365 to $5687. Costs to reduce weight by one kilogram ranged from $1623 to $2114; costs to reduce fasting glucose by 1 mg/dL ranged from $467 to $608. Medical hospitalization costs were reduced by $137,500.
Introduction
Individuals diagnosed with serious mental illnesses are at increased risk of obesity-and cardiovascular-related early morbidity and mortality (Colton and Manderscheid 2006; Druss et al. 2011; Kilbourne et al. 2009 ). This is complicated by the fact that the antipsychotic medications used to treat these disorders encourage weight gain (Chaggar et al. 2011 ) and metabolic disturbances (Malhotra et al. 2012; Newcomer 2007) . To address this pressing public health issue, researchers and clinicians have developed and tested behavioral trials to reduce obesity and its sequelae in this population. Two recent, large-scale trials of behavioral lifestyle interventions to reduce weight and obesity-related risk factors, for example, have reported clinically significant weight loss among people with serious mental illnesses (Daumit et al. 2013; Green et al. 2015) . These trials' positive outcomes suggest that overweight and obese patients taking antipsychotic medications benefit from behavioral weight loss treatment and implementation in routine care settings is warranted.
Before these interventions can be implemented, however, program managers and policymakers need to fully understand the costs required to deliver the intervention as well as the cost-effectiveness of the intervention. Various cost and cost-effectiveness analyses of behavioral lifestyle interventions targeting populations without mental illnesses are available (e.g., Forster et al. 2011; Lehnert et al. 2012; Ritzwoller et al. 2011; Roux et al. 2006; Tsai et al. 2013 ). In the general population, for example, research has articulated that the costs associated with increased quality-adjusted life-years (QALY) range from $78k to $148k (2015 dollars) for people with diabetes (Diabetes Prevention Program Research Group 2003) and incremental cost-effectiveness ratios (ICER) range from $4k to $123k (2015 dollars) (Lehnert et al. 2012) . In contrast, we are aware of only one economic evaluation of an intervention targeting physical activity and weight loss among individuals with serious mental illnesses (Verhaeghe et al. 2014) . Using a five-year horizon, Verhaeghe et al. reported ICERs ranging from €199k ($249k) to €278k ($348k) per QALY in 2015 dollars (dollar amounts from previous studies were adjusted for inflation [(inflation.eu 2015; United States Department of Labor Bureau of Labor Statistics 2007 Statistics , 2015 .
When comparing results from diabetic and general populations with those reported by Verhaeghe et al. (2014) , it appears that reducing overweight and obesity among people with serious mental illnesses may be more expensive than achieving the same results in the general population. Additional cost-effectiveness evaluations of lifestyle interventions are needed, particularly for those applying longer intervention duration and resulting in better outcomes.
To help fill this gap in the literature, we present the results of cost and cost-effectiveness analyses from the STRIDE study . STRIDE was a randomized controlled trial that evaluated a comprehensive lifestyle intervention among individuals with serious mental illnesses who were taking antipsychotic medications. The intervention used the evidence-based PREMIER weight loss and lifestyle intervention with DASH eating plan (Funk et al. 2006; National Heart, 2006; Svetkey et al. 2003) , adapted for people taking antipsychotic medications Yarborough et al. 2011 Yarborough et al. , 2013 . To our knowledge, this is only the second economic analysis of a lifestyle intervention in this population and is the only one that evaluates an intervention of long duration (12 months). This economic analysis provides information needed by decision-makers who are considering implementing STRIDE or other similar programs.
Methods

Settings
The intervention was conducted in two community mental health centers (Cascadia Behavioral Healthcare [Cascadia] and LifeWorks Northwest [LifeWorks]) and a not-forprofit health system (Kaiser Permanente Northwest [KPNW] ). KPNW provides integrated medical and mental health care. KPNW members are insured and representative of the Portland, Oregon metropolitan area. Cascadia and LifeWorks provide mental health and addiction treatment and typically serve low-income individuals. Further details about the study protocol and the results are detailed elsewhere Yarborough et al. 2013) . The KPNW Institutional Review Board reviewed, approved, and monitored the study.
Recruitment, Screening, and Randomization
The methods used in the STRIDE trial have been detailed elsewhere (Yarborough et al. 2013) . Briefly, we invited individuals 18 years or older who were taking antipsychotic medications for at least 30 days prior to enrollment, and who had a body mass index (BMI) C27, to participate.
We excluded those who were currently breastfeeding or planning a pregnancy, had unstable mental health defined as a psychiatric hospitalization within the past 30 days (although we allowed later participation once stability was achieved), had a history of or planned bariatric surgery, had cancer within the previous two years, had a stroke or heart attack within six months, or who had cognitive impairment that could interfere with consent or participation.
We conducted rolling recruitment (into eight separate cohorts) from July 2009 through August 2011. Our final 24-month assessments concluded in October 2013. We used electronic medical records (EMRs) at KPNW and Cascadia to identify potential participants. Clinician referral identified these participants at LifeWorks. Initial inclusion criteria included antipsychotic medication use and BMI (if BMI was not available, we included individuals in the recruitment pool). We mailed recruitment letters to potential participants. We then contacted these individuals by telephone to obtain eligibility information and complete a brief inclusion screen. After that screening, we invited eligible participants to attend a group orientation session during which they consented to height and weight measurements. Finally, study staff confirmed BMI eligibility inclusion criteria before conducting full written consent with participants. Participants then attended a second eligibility visit to complete a fasting blood sample, take blood pressure readings, and measure waist circumference.
Participants were randomized to the usual care or intervention condition at the second screening visit after completing all baseline assessments. We used a stratified blocked randomization procedure within sites with gender and BMI categories (BMI = 27.0-34.9 or BMI C35) as the strata. Staff not involved in data collection informed participants about the results of randomization. Usual care participants received no further intervention, but did complete a physical assessment (i.e., blood pressure, weight, lab values) and completed questionnaires at six and 12 months.
Intervention Design
STRIDE was based on: (1) guidelines for obesity treatment for individuals at risk for cardiovascular disease (Jensen et al. 2014) and (2) the PREMIER lifestyle intervention with DASH eating plan (Funk et al. 2006; Svetkey et al. 2003) . The intervention's goal was to reduce weight-and obesity-related risks through improved diet, moderate restriction of calories, and increased moderate physical activity. We tailored intervention content and delivery for people with serious mental illnesses by employing two facilitators (mental health counselor, nutritional interventionist) and using repetition, multiple teaching modalities (e.g., verbal, visual), skill-building exercises, and practice assignments to overcome cognitive barriers. We also linked intervention materials to mental health and added sessions that addressed: (1) effects of psychiatric medications on weight; (2) planning for psychiatric symptom exacerbation; (3) improving sleep; (4) eating healthfully on a budget; and (5) stress management. We also provided case management beyond what was provided as part of PREMIER to help our population stay engaged, particularly when they were experiencing symptom exacerbations or difficult life circumstances (Yarborough et al. 2011 ).
STRIDE's core intervention comprised a series of weekly 2-h group meetings that included 20 min of physical activity and that were delivered over 6 months. An additional 6 months of monthly group meetings supported maintenance of behavior change and weight loss. Participants were taught to keep records of: (1) food, beverages, and calories consumed; (2) servings of fruits, vegetables, and low-fat dairy products; (3) fiber and fat intake; (4) daily minutes exercised; and (5) hours slept each night. The intervention's goals included: 25 min of moderate physical activity per day, primarily through walking; increased fruit, vegetable, and low-fat dairy consumption; and improved sleep quality. We used food, sleep and exercise logs to assess progress and identify barriers to lifestyle change. Interventionists reviewed records to help participants evaluate and modify goals and plans. Participants received a workbook to guide them through the program, a copy of the Calorie King: Calorie, Fat, and Carbohydrate Counter (Borushek 2012) , and a resistance band for strength training.
The first 24 intervention sessions (weekly) were designed to increase awareness of health-related practices through learning to self-monitor, creating personalized plans, reducing energy intake (reducing portions), increasing focus on low-calorie density foods, increasing physical activity (moderately), learning to manage highrisk eating situations (e.g., parties), keeping track of their progress (graphing), and explicitly addressing mental health and how it might affect change efforts. The next six sessions (intervention maintenance phase) included monthly group sessions that focused on maintaining weight loss and reinforcing health-related practices learned in the first 6 months. Continued problem-solving and motivational-enhancement skills were reviewed in these sessions. Monthly individual telephone consultations with group leaders were available if desired, but this option was seldom used.
Approach to Analyses
Intervention cost-effectiveness is usually reported as an incremental cost-effectiveness ratio (ICER), which is the ratio of the change in costs between the intervention and a control condition over the change in outcome units, such as kilograms of weight lost, fasting glucose (mg/dL), or quality-adjusted life-years (QALYs), between intervention and control participants. The ICER indicates the intervention cost per incremental outcome unit produced by the intervention, and is calculated as
where C i (C c ) and E i (E c ) are the costs and effectiveness associated with the intervention (or control) strategies. ICERs facilitate comparisons of projects or interventions across various disease states and treatments (Gold et al. 1996) . Through the ICER, cost-effectiveness analysis indicates the tradeoffs involved in choosing among health care interventions, and gives decision makers in diverse settings important data for making informed judgments about interventions. Some policymakers believe that the use of CEA in health care decision making will lead to rationing, though this is not a deficiency of the method, but rather of its use.
Cost Assessments
We assessed and assigned intervention costs based on wellestablished procedures used in previous studies (Gold et al. 1996; Meenan et al. 1998 Meenan et al. , 2009 Meenan et al. , 2010 Ritzwoller et al. 2009 Ritzwoller et al. , 2011 Ritzwoller et al. , 2013 . Costs included interventionist training, participant recruitment, and intervention delivery. We excluded research-related costs and the costs of following participants for the second 12 months (i.e., to the 24-month assessment) because participants received no active intervention or contact during this period and, as such, this period did not differ from usual care.
Recruitment and Enrollment Costs
We report the actual recruitment costs associated with STRIDE even though they include the costs of recruiting the sample of 200 individuals, including control participants. We made the decision to include these costs because replicating this intervention within a large health system or clinical setting could require resources to identify and invite the patient population, which might include outreach to a larger number of participants than were recruited for this study.
Determining eligible participants at KPNW and Cascadia required data analysts to identify those who met inclusion criteria. At LifeWorks, clinician panel reports were printed and reviewed by clinicians to identify eligible participants, using the same enrollment criteria as were applied in the EMR-based systems. Counselors consulted with KPNW researchers to ensure that participants met enrollment criteria. Enrollment costs also included screening and review of inclusion criteria and medical safety at all sites, and reviewing and signing letters mailed to the initial 1866 individuals. Of these, 739 refused participation, 511 screened ineligible by phone, and 208 were unreachable. Thus, 408 individuals were screened eligible by phone and invited to attend the first of two in-person orientation and screening visits. We enrolled and randomized 200 of these individuals. All recruitment costs following identification of eligible individuals were incurred at KPNW (e.g., phone screening, determining eligibility, screening visit). Non-labor costs included supplies, printing, and mailing costs. It is worth noting that less resource-intensive recruitment approaches would likely be used in many settings.
Intervention Costs
A co-investigator who is an expert in weight loss interventions provided interventionist training. We report separate costs for the initial training (trainer and trainees), intervention delivery (30 sessions over 12 months for each of the eight rolling cohorts, 240 in total), and the ongoing interventionist supervision that was provided by three project team members. All 30 sessions for each cohort included two interventionists, a mental health counselor, and a counselor with relevant nutritional knowledge. The intervention could be delivered, however, by one person with appropriate training. For KPNW cohorts, both interventionists were KPNW employees. At community mental health clinics, one interventionist was a KPNW employee and one was a clinic employee. Labor costs were calculated as either direct KPNW employment or through subcontracts with community clinics.
Our non-labor costs included interventionist travel as cohorts were conducted across the Portland, Oregon metropolitan area. Additional non-labor costs included supplies [pens, markers, nametag and flipcharts for the sessions, digital scales for weigh-ins, food for demonstrations, inexpensive calculators, exercise bands, and Calorie King books (Borushek 2012) ], printing (200? pages per participant), and additional postage to remain in contact by sending participants birthday cards. During the active intervention, detailed interventionist logs were kept on time spent coordinating activities with participants (e.g., emailing, calling, and reviewing dietary/activity/sleep logs). We included three additional hours per week for each interventionist to account for interventionist check-ins regarding intervention progress, follow up with participants and processing case notes, and to participate in supervisory meetings with study investigators. One hour of check-in between the mental health and nutritional interventionists was typically conducted in tandem with the regularly scheduled 2-h intervention session (i.e., 30 min prior to and following each meeting).
Participant Costs
We calculated participant costs using both estimated and directly reported data. First, an average distance of five miles traveled to an intervention session (ten miles roundtrip) was assumed based on experience with the population and their proximity to session locations located across the metropolitan area. The value of intervention time based on lost work hours was calculated using the STRIDE baseline data, which showed that one-third of participants were employed. Lost wages were calculated using the average national wage rate (United States Department of Labor Bureau of Labor Statistics 2014), and we applied 30 % of this wage rate to non-working individuals, which is consistent with other economic evaluations (Ritzwoller et al. 2011) .
Second, participants reported costs directly on questionnaires at baseline, 6, and 12 months. Participants were asked about average monthly expenditures on (1) self-help materials (e.g., books, videos, or audio recordings); (2) special foods (e.g., new vegetables added to their diet); (3) vitamins or other dietary supplements (e.g., herbs or teas); and (4) exercise-related costs (e.g., joining a gym or buying new equipment). We summed these reported costs across the four categories. Caregiver resources affected by the intervention were not included because they were considered minimal-most participants traveled to intervention sessions on their own, and changes in meal preparation time by caregivers were expected to be minimal. When we compared the costs reported at the six-month survey with reported baseline costs, only differences between intervention and control participants, and between 6 months and baseline, were attributable to the intervention. We then multiplied this difference by six (as costs were reported as a monthly average) and again by the number of intervention participants. This gave us the total six-month participant-reported costs. We used the same method for costs associated with 12-month reports (e.g., expenditures from months 7 to 12 of study participation). Finally, participant savings were similarly collected using a questionnaire item that asked participants if they had reduced or eliminated anything from their lifestyle to maintain good health (e.g. junk food, alcohol, tobacco). We calculated associated monthly savings from those reported changes.
Analytic Framework
While the main economic evaluation presented here is a cost-effectiveness analysis from a health system/payer perspective, we also include participant costs in order to provide a societal perspective. We estimated the ICERs for the study outcomes of weight lost (in kilograms) and reduced fasting glucose levels (in mg/dL). We also examined EQ-5D (EuroQol Group, 2014) change scores between intervention and control groups at baseline, 12, and 24 months. These scores did not differ statistically at any time point. We also performed univariate sensitivity analyses to examine the influence of uncertainty associated with the measures and the assumptions used in the analysis and generated tornado diagrams based on the study outcomes (Briggs 2000; Manning et al. 1996) . Table 1 summarizes the costs of implementing the intervention. Intervention labor is separated into recruitment and delivery activities. We included the labor costs for identifying the initial population as a recruitment cost.
Results
Total direct implementation cost was $374k, 95 % of which was labor. The interventionist labor alone was 62 % of the labor costs. Applying the 58 % overhead rate of our research center, the total system-related implementation cost was $591k.
We observed a statistically significant reduction in hospitalizations between intervention and control participants over the study period. While psychiatric hospitalizations did not differ over the study period, the intervention participants experienced 11 fewer medical hospitalizations than control participants (7 vs. 18) during the 12 active intervention months . This finding echoes those of other intensive lifestyle interventions (Espeland et al. 2014) . Crediting the intervention with the value of these reduced hospitalizations lowered the system-related intervention cost by $137,500 based on an Finally, based on self-reported personal expenditure and time spent attending intervention sessions, intervention study participants incurred an additional $117k in personal costs ($1129/participant). The majority of these costs were derived from the value of their time traveling to, and participating in, the intervention sessions. Our participants were also credited, however, with a modest offset for lowering self-reported expenditures on items such as junk food during the intervention. Including these participant costs approximates a cost-effectiveness analysis from a societal perspective. Table 2 presents the values of the primary outcome measures (reductions in fasting glucose and weight) we used in the economic analysis. While the EQ-5D results are included for informational purposes, the difference was not significant and is not included in the subsequent economic results. Table 3 summarizes the per-participant intervention costs and the incremental cost-effectiveness ratios (ICERs) for fasting glucose (incremental cost per 1 mg/dL reduced) and weight (incremental cost per one kg reduced). We present four cost scenarios to allow health policy makers to see cost increases or decreases which may be relevant to future implementations of the project. Three of these scenarios are related to the health system/payer perspective: (A) intervention delivery alone; (B) intervention delivery plus recruitment costs; and (C) intervention delivery plus recruitment costs minus the value of reduced hospitalizations. The final scenario (D) is the societal perspective and includes intervention delivery plus recruitment and personal costs to participants minus the value of reduced hospitalizations.
We planned to deliver STRIDE to all 104 participants randomized to intervention. However, only 87 individuals completed the 12-month program. Because of this, we present the ICERs calculated for each primary outcome in two ways: focusing first on the 87 ''completers'' alone, then second by assuming that all 104 participants randomized to the intervention arm had completed the program (intent-totreat). Non-completers were assigned the average level of outcome reduction. Under these assumptions, STRIDE generated ICERs ranging from $1940 (scenario C) to $2527 (scenario B) per kg lost, and $558 (scenario C) to $727 (scenario B) per mg/dL of fasting glucose reduced. Assigning the average clinical outcome reduction to the 17 individuals who were assigned to intervention but did not complete the program reduced all ICERs by approximately 16 %.
Two salient points emerge from these baseline results: First, recruitment expenses add 23 % to the intervention delivery cost per relevant outcome unit. If the intervention were implemented in typical clinical settings, these costs would likely be substantially less, and could even be zero. Second, potential savings from reduced hospitalizations are nearly offset by our estimates of participants' investments of time and money when total costs are considered. From the health system/payer perspective, however, participants' investments would not be considered. Thus, if recruitment costs and participant investments of time and money were not included, per-participant costs would be $3937 for completers and $3293 under intent-to-treat. Table 4 presents selected univariate sensitivity analyses to explore the robustness of the baseline results. These analyses provide information about implementation costs in routine clinical settings. For example, we compared overhead rates of 58 and 30 % and a salary fringe rate reduction from 45 to 30 %. Overhead rates in academic research centers are typically higher than those in community settings and even clinical settings. We also report effects of lowering the value of estimated reduced hospitalization costs by 50 %, and of raising and lowering overall salaries by 25 % relative to the STRIDE baseline. The single largest individual effects on estimated ICERs resulted from lowering the overhead rate and reducing salaries by 25 %. Obviously, the combined effect of relaxing two or more of these assumptions (e.g., lowering both the overhead and fringe rates to 30 %) would have an even larger effect on the ICERs. Figures 1 and 2 are tornado diagrams illustrating graphically the influence of selected elements on the variability inherent in the ICERs. As noted, we observed no statistically significant difference in EQ-5D scores between intervention and control participants, although the mean EQ-5D score was 0.02 higher for the intervention group, which is modestly suggestive of a possible improvement in quality of life from weight loss and/or control of diabetes risk factors. We adapted analyses conducted in a 2014 meta-analysis of commercial weight loss programs to add context to STRIDE's clinical results (Finkelstein and Kruger 2014) . In this study, Finkelstein and Kruger used external SF-12 data to apply a widely used algorithm for converting SF-12 (Tunis et al. 1999; Ware et al. 1995) responses to a healthrelated quality of life (QOL) metric. This allowed the authors to estimate an ICER (for commercial programs) in terms of quality-adjusted life-years (QALYs), a health outcome measure that assigns to a year of life a 0-1 weight corresponding to the quality of life during that period, where 1 represents perfect health and 0 is equivalent to death. The number of QALYs represents the number of healthy years that are valued equivalently to an actual health outcome. They then used linear regression to assess the impact of weight loss on change in QOL, controlling for basic demographics, and extrapolated to 4 years from baseline. A crude mapping of the reported weight loss in STRIDE to Finkelstein and Kruger's regression results suggests that STRIDE would generate an ICER ranging from $233k (scenario C) to $304k (scenario B) per QALY, inclusive of overhead.
Discussion
STRIDE showed that a weight loss and lifestyle intervention tailored for people with serious mental illnesses taking antipsychotic medications can reduce weight and improve glucose control . In the context of constrained health care budgets, understanding the cost and cost-effectiveness of delivering this type of intervention provides essential information for program managers considering implementation and policymakers considering funding for such interventions. Our cost analyses found a total intervention cost of $453,921 using a very conservative health system perspective ($4365 per participant; $467 per reduced mg/dL fasting glucose; $1623 per reduced kg). Perhaps a more accurate health system perspective would exclude recruitment costs and include potential cost savings by reduced hospitalizations. Such a perspective would recast the STRIDE results as follows: $342,513 total costs; $3293 per participant, $352 per reduced mg/dL fasting a n = 104 participants who were randomized to the intervention; these analyses are based on intent to treat b n = 87 participants who are 12 month ''completers''; these individuals have relevant weight and questionnaire data at 12 months a n = 87 participants who are 12 month ''completers''; these individuals have relevant weight and questionnaire data at 12 months b n = 104 participants who were randomized to the intervention; these analyses are based on intent to treat glucose and $1224 per reduced kg among participants. These costs include overhead costs, which could be subtracted if the program was implemented using existing infrastructure. Finally, if reduced hospitalizations from 13 to 24 months were also considered, an additional $137,500 could also be subtracted. Such a cost evaluation would make the costs of STRIDE more comparable to those found in the Diabetes Prevention Program (Diabetes Prevention Program Research Group 2003 , 2012 trial and in a metaanalysis of lifestyle interventions in the general population (Lehnert et al. 2012) . Our economic evaluation is particularly salient in light of Verhaeghe et al.'s (2014) recently published cost-effectiveness analysis of a health promotion intervention for individuals with serious mental illnesses. Their base-case analysis with a 20-year horizon generated ICERs of €27k ($34k as of 11/14/2014) per QALY for men and €40k ($50k) per QALY for women. Over a five-year horizon, comparable ICERs were €191k ($239k) per QALY and €267k ($334k) per QALY, respectively. These latter estimates are within the general magnitude of our crude ICERs in QALY terms, assessed over 4 years. Verhaeghe et al.'s (2013) trial was significantly shorter than the STRIDE intervention (10 weekly sessions versus 30 sessions in 12 months), however, and STRIDE resulted in greater weight loss. Verhaeghe et al. reported a 0.57 kg loss after the 10-week intervention period; STRIDE participants lost an average of 4.4 kg at the end of the 6-month intensive intervention period, and had maintained a 2.6 kg loss at 12 months, the end of the maintenance intervention period). These differences cast a more favorable light on the costs and cost-effectiveness of the STRIDE intervention.
The paucity of comparable studies among persons with serious mental illnesses complicates our ability to fully place the economic results of STRIDE in the appropriate context. Also, comparisons of lifestyle interventions are confounded by the diversity of intervention aims and targets, some of which are naturally costlier than others. In particular, comprehensive behavioral lifestyle interventions that address diet, physical activity, and behavior change are more expensive to conduct than interventions that target each of those domains separately (Lehnert et al. 2012; Roux et al. 2006) . Other than the work conducted by Verhaeghe et al. (2013; 2014) , the most directly comparable economic assessment of a comprehensive lifestyle intervention (6 months of weekly visits followed by 6 months of bimonthly visits) delivered to a vulnerable population involved an intervention delivered to Latina women ). In the corresponding cost analyses of that study, the costs of changing BMI by 1 kg/ m 2 ranged from $5076 to $7723 depending on perspective (Ritzwoller et al. 2011) . In STRIDE, we found similar costs associated for reducing weight, ranging from $1623 to $2114 per kilogram.
Compared with a recent review of cost-effectiveness analyses of behavioral obesity interventions in the general population (both prevention and weight reduction), STRIDE appears to be more expensive than average (Lehnert et al. 2012) . As our analysis is only the second economic evaluation of a weight intervention involving individuals with serious mental illnesses (Verhaeghe et al. 2014) , and is the only evaluation of a study of people taking antipsychotic medications, such comparisons may be premature. Moreover, the relative cost of STRIDE may be in part due to the inclusion of costs not reported in other studies, such as recruitment labor costs. Including these costs may have blurred the distinction between researchrelated recruitment and research-related intervention development and implementation. A second issue that may have led to these findings is that study staff were more highly paid than comparable staff in the Portland, Oregon metropolitan area, something that the sensitivity analyses in Table 4 attempted to illuminate by offering a scenario in which personnel costs are reduced by 25 %. A third issue may be in how we valued the time spent in interventions, which is relevant to the societal perspective. At baseline, the STRIDE sample was 30 % employed; 35 % retired, unemployed, temporarily laid off, or homemakers; and 36 % disabled (Yarborough et al. 2013) . These rates are typical for individuals with serious mental illnesses. Our methods for calculating the costs of participating included using national wage rates, which are higher than wages in Oregon. Even with non-work time valued at only 30 % of the national wage rate, we may be overestimating the personal costs of participating. For these reasons, our group has published a community-based cost analysis which outlined expenses required to implement the intervention in small-scale, community-based health settings .
Finally, STRIDE was more intensive than weight loss interventions conducted in other populations given the complex nature of delivering an intervention to individuals with a range of cognitive processing deficits (Yarborough et al. 2011) . This was particularly true of our choice to use two intervention group facilitators, which doubled our labor costs. These costs could be reduced by using a sole facilitator or by limiting recruitment activities to posters and clinician referrals, which is possible for others wishing to conduct this intervention as all materials are being made freely available on the study website (www.kpchr.org/ research/public/stride/stride.htm). In addition, the intervention was significantly longer than that reported in Verhaeghe et al. (2013) and the comprehensiveness of topics covered was also more in-depth than many other interventions. Further, as noted earlier, a significant reduction in medical hospitalizations between intervention and control groups-noted in other intensive lifestyle interventions as well (Espeland et al. 2014 )-was observed not only during the 12 months of active intervention, but during the subsequent 12 months as well, after intervention activity had ended. If such results were sustained over longer periods, costs from the system perspective could be reduced substantially.
Limitations
We were unable to calculate cost-effectiveness planes for these analyses. Intervention and recruitment costs, the large majority of total costs, are fixed averages assigned to all intervention participants. What variability exists is basically confined to the survey-based participant cost and savings data, which were available from only about half of participants (and extrapolated to the other half), and the magnitude of which is dwarfed by intervention and recruitment. Further, we were unable to calculate QALYs for this analysis given the relatively short duration of this study; QALYs are more appropriately analyzed using data from longer-term studies over 5-10 years.
Conclusions
To our knowledge, this is only the second study assessing the cost-effectiveness of a health promotion intervention targeting weight loss, physical activity, and dietary changes in individuals with serious mental illnesses. STRIDE's economic performance appears broadly comparable to that of the one other relevant published study (Verhaeghe et al. 2014) and is similar to other intensive interventions in vulnerable populations (Ritzwoller et al. 2011) . Additional research with similarly intensive interventions, and among individuals with serious mental illnesses, is needed to produce a full picture of the cost-effectiveness of such interventions. As obesity-related risks, morbidity, and mortality continue to take their toll on the general population, and on individuals with serious mental illnesses in particular, policymakers and health system administrators will need robust economic studies in order to plan and implement appropriate mitigating interventions.
